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LETTUCE (LACTUCA SATIVA L. CV. ROMANA SPRING) RESPONSE TO 
URBAN COMPOST FERTILIZA TION 
l.M. Hernández, l.M. Murillo, F. Cabrera 
lmtituto de Recursos Naturales y Agrobiología de Sev illa, C.S.l.c. , Sev illa, Spain . 
SUMMARY - The effects of successive applieations of a municipal compost (up to ca. 100 and 300 
t ha-1 during 6 years) on yield and nutrient and heavy metal content of lettuce cropped in the 6lh 
year of fertilization, were studied in a glasshouse exp€riment. A commercial fertilizer was also applied 
for comparison. The best production corresponded to the inorganie fertilization. Inereases in produetion 
in comparison with the control were a[so found (P<O.OS) in treatments with compost. Compost applica-
tion produeed a very positive effect on the K and P contents of both leaves and stems, although at 
the same time an ¡ncrease of Zn, Pb and Ni was observe<!. 
Key words: urbal1 compost, /ettuce, p/t:mt characteristics . yield, compositiol1, heavy meta/s. 
INTRODUCTION 
The disposal of ever-increasing amounts of 
domestic refuse is becoming a serious problem 
in many countries. Application to the soil of 
composted municipal refuse could be one of 
the most attractive methods of solving two 
problems: waste disposal (solving the environ-
mental pollution problem) and increasing the 
organic matter content of soils. 
Nevertheless, evaluation of the agronomic 
efficiency and potential hazards of these com-
posts is a necessary preliminary task before 
establishing the advantages of their use in 
agriculture . As with farmyard manures, much 
of the value of composts for soil fertility 
results from the cumulative effects of one 
dressing after another, therefore farmers may 
occasionally load excessive amaunts of com-
post in the soil. As pointed out by De Haan 
(1981), although frequent applications of com-
posts may result in negative effects on some 
soils, in other soils there may be a significant 
increase in the maximum yield. Despite this 
significant increase in yield , there may also 
be detrimental consequences for the plants, 
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and those organisms consuming them, if the 
compost is of low quality. As pointed out 
by Hoffmann and Schweiger (1983), sorne 
vegetables grown on soils of fo rmer vineyards 
treated with municipal waste-compost· in-
creased their Cd and Pb contents wi th respect 
to controls . 
In a previous work (Murillo et al. , 1989a), 
the effect of successive applications of com-
post on yield and plant composition of two 
pasture species and a vegetable fru it (tomato) 
were considered. The present study deals wi th 
the effects of successive applications of com-
post on the production and plant characteris-
tics of lettuce, cropped in the last year of 
fertilization, in order to compare the advan-
tages and disadvantages. 
MA TERIALS AND METHODS 
The experiment was performed in a glass-
house, using pots with a capacity of 0.2 m3 
(40 cm depth; ca. 250 kg 01 soil ) and the Hrst 
horizon being a calcic loam soil typical of 
southern Spain (pH 7.8; CaCO, 20% ). Com-
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Tab. 1 - CheÓlical properties of ¡he composted municipal refuse from ¡he city of Seville (fraction<2 mm). Data are 
expressed on a dry matter basis. 
pH 7-8 
O.M. {%} 20-30 
C/N 8-11 
<c,.../C¡) x 1001 20-30 
CEC (meq 100 g.l) 80-100 
N (%) 1.5-2.0 
p (%) 0.3-0_6 
K (%) 0.6-1.0 
Na (%) 0.6-3.0 
1 Ratio of reducing sugar C to total C x 100. 
posted municipal refuse from the city of 
Seville (fraction <30mm, ca. 30% moisture, 
available for sale) was used. As a guide, T a-
ble 1 shows the composition of the <2mm 
fracHon of the composL which represents ca. 
60% of the <30mm fraction. More informa-
tion about this compost can be found in previ-
ous works (González Vila et al., 1982, 
1985a,b). A commercial, 8-15-15 complex fer-
tilizer was also used. 
At the beginning, six randomized repetitions 
were set out for each of the following treat-
ments: l. Annualloading of municipal refuse 
compost at arate of about 48 t ha-1 per year 
during four years (total loading of compost 
nearly 200 t ha-1). 2. The same pattern but 
with a different compost loading: 12 t ha-1 
per year (total loading of compost nearly 50 
t ha-1). 3. Fertilization with an 8-15-15 com-
plex fertilizer at arate of 1.2 t ha-1 per year 
for four years. 4. Control, unfertilized soil. 
The pots went on for an additional 5th year 
without fertilization. Ryegrass was sown ev-
ery year (total of 5 years) in aH the pots. 
The compost and the inorganic fertilizer were 
always applied in the upper 5 cm of the soil. 
More information about the experimental de-
sign can be found in Murillo et al. (1989a,b). 
Experiment 1: After this period, sorne of 
the pots described aboye received lettuce 
plants (cv. Romana Spring) which were grown 
for one year. Three randomized replications 
with about 30 plants per pot, transplanted 
Fe {mg.Kg·l} 10000-20000 
Mn (mg.Kg·!) 600-1200 
Zn (mg.Kg'l) 500-1500 
Pb (mg.Kg-l) 300-500 
Cu (mg.Kg-!) 180-220 
Cr (mg.Kg-!) 30-110 
Ni (mg.Kg-!) 30-80 
Co (mg.Kg-1) 7-10 
Cd (mg.Kg-1) 3-S 
B (mg.Kg-!) 30-40 
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from a seed-bed, were set out for each of the 
following treatments: 1. Loading of municipal 
compost at arate of 100 t ha-1 in the pots 
with a previous accumulation of 200 t ha-1 
(total loading of 300 t ha-1). 2. The same 
pattern but with a loading of 50 t ha-1 in the 
pots with a previous accumulation of 50 t 
ha-1 (total loading of about 100 t ha-1). 3. 
Fertilization with the inorganic fertilizer (1.2 
t ha-1) in the pots already subjected to this 
treatment. 4. Control, without fertilization. 
Throughout the growth period, tempera-
tures during the 12-hour day (maximum pho-
ton flux density=500±10 !l. Em-2 S-l) ranged 
from 25-35°C and during the 12-hour night 
from 15-25°C. Water was applied twice week-
ly to field capacity. The water used (normal 
in irrigation schedules of the zone) was clas-
sified as C3S1 according to Richards (1954). 
A selected number of lettuce plants were har-
vested 45 days after transplanting and the re-
maining plants 60 days latero Plant production 
was obtained for each individual plant 
(without roots). In the first harvest, whole 
plants (heads) were analysed. In the second 
one, the plants were analysed in terms of their 
leaves (lower, expanded leaves and upper, ex-
panding leaves) and stems (basal and upper 
stems). 
Experiment 2: In order to compare the ef-
fect on lettu<;.e seed germination of previous 
applications of compost «<rest effecb>, Lande 
Cremer (1987)) with the effect of that added 
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at sowing, the following experiment was per-
formed: three pots of treatments 1 and 4 of 
experiment 1 (300 t ha-l of compost and con-
trol respectively) were selected. The surface 
of each pot was divided into four parts, and 
in each of them a square of 144 cm2 was 
marked out. Two of the squares in each pot 
were treated with adose of compost equiva-
lent to ca. 50 t ha-l. Afterwards, twenty 
seeds of lettuce were placed in each square. 
Consequently, the following four treatments 
were set up: 1 and 2, germination in control 
and previously fertilized (300 t ha-l of com-
post) soils; 3 and 4, germination in presence 
of ca. 50 t ha-1 of compost applied at sow-
ing, in the same soils as in 1 and 2 respec-
tively. 
Compost was applied in the upper 5 cm 
of the soils, which were periodically moistened 
with the same amount of sprayed, distilled 
water. Seedling emergence was controlled dur-
ing 20 days. Results of each pair of squares 
per pot were averaged to have three replica-
tions per treatment. 
The N in the plants was detennined by Kjel-
dahl digestion and the mineral elements were 
extracted according to Pinta et al. (1969) by 
dry ashing, followed by treatment of the ashes 
with concentrated HCl on a hot plate. Calci-
um, Mg, Fe, Mn, Zn, Cu, Ni, Pb, Cd and 
Cr were determined by atomic absorption 
spectroscopy (AAS) and corrected for blank 
levels. Sorne samples of plants (105 days af-
ter transplanting) were pressurized, digested 
with HN03 at 150°C, and Pb was deter-
mined in them by anodic stripping voltame-
try (ASV). A reference plant material (ryegrass 
CRM 281, CEC, 1988) was also digested in 
the latter manner and analyzed for Pb by 
ASV. Phosphorus was determined by a spec-
trophotometric determination of the phos-
phovanadomolybdic complex, the K and Na 
by flame emission and B according to Barbi-
er and Chabannes (1953). When the data were 
subjected to an analysis of variance, the mean 
separation was performed by Duncan's (1955) 
multiple range test. 
RESULTS AND DISCUSSION 
T able 2 shows the mean fresh weight of the 
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Tab. 2 - Mean fresh weight of the Jettucc plants (g). 
Trcatments 
Days after transplanting 
45 105 
Compost 
(Highcr dosel 19.3 b 808 e 
Compost 
(Lower dosel 10.2 a 659 b 
lnorganic 
fertilizer 23.7 e 925 d 
Control 9.6 a 588 a 
Values fol!owed by the same lettcr in the same column 
do not djHer significantly (P<O.05). 
lettuce plants obtained 45 and 105 days after 
transplanting. It can be seen from the table 
that the largest yield corresponds to treatment 
with inorganic fertilizer, although the com-
post treatments significantly increase the 
weight of lettuces in relation to control plants 
(increasing quantities of city waste compost 
result in a parallel increase in the production). 
Furthermore, the weight of the lettuces treat-
ed with the inorganic fertilizer exceeded that 
of those treated with the maximum dosage 
of compost by 19% in the first harvest, while 
in the second harvest it was only by 13 %. 
It is important to note that for many hor-
ticultural plants, the application of city waste 
compost at sowing could damage their ger-
mination and seedling emergence to a certain 
extent; thus the use of seed-beds is advisable. 
As shown in Pig. 1 (experiment 2), the appli-
cation, immediately before planting, of a com-
post dose equivalent to about 50 t ha·1, 
either on unfertilized soil, or on soil with a 
previous heavy application of compost (ca. 
300 t ha-1 ) significantly reduces (P<0.05) see-
dling emergence from the beginning of the tri-
al. However, when there is no compost 
application immediately before planting, see-
dling emergence is not affected by a previous 
application of 300 t ha-1 of compost during 
the preceding years (Pig. 1). On the other 
hand, when the plant is transplanted from the 
seed-bed with an adequate development (ex-
periment 1), it can rapidly equal and then ex-
ceed the growth of the control, once 
established in the new soil, recently fertilized 
with compost (Tab. 2). 
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Fig. 1 - Germination of lettuce plants. Effects of 
compost application (50 t ha-1) in: a) un-
fertilized soil (-); b) previously fertilized 
soil (300 t ha- l ) (O). Germination in the 
control (- - -) and previously fertilized soils 
(300 t ha-1) (.c:.) is also shown. 
The positive effect of the previously applied 
compost on seedling emergence (experiment 
2) can be due to the «rest effect» (Lande 
Cremer, 1987), which includes physical, phys-
iological, biological and synergistic process-
es. Therefore, it is clear that the «rest effecb 
may vary greatly, depending on the environ-
mental conditions and on the care taken in 
choosing the timing and method of manure 
application (Lande Cremer, 1987). But, in the 
present case, it seems obvious that the peri-
odic loading of compost, and its subsequent 
accumulation and transformation in the soil, 
is effective for seedling emergence and plant 
development (experiments 1 and 2). 
Successive applications of compost, espe-
cially at high rates, increase the levels of most 
nutrients in the plants, as shown in Tables 
3, 4 and 5 (experiment 1). It can be noted 
that the presence of compost does not cause 
any problem in relation to the N nutrition 
01 the plants (Tab. 3, 4 and S). which cor-
roborates, at least in part, its adequate grade 
01 maturity (Tab. 1). The N content 01 the 
plants treated with compost is, in general, 
similar to that of those treated with the inor-
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ganic fertilizer. 
According to Geraldson et al. (1973), con-
centrations of N of ca. 3% (d.m.) are normal 
in the leaves of lettuce plants (range of 
2.5-4%, for wrapper leaves). Concentrations 
of N in lettuce leaves (Tab. 3 and 4) are wi-
thin this range, tending to increase to a cer-
tain extent when fertilization levels increase. 
The higher dose of compost applied at sow-
¡ng, 100 t ha-1, would imply an effective 
amount of N for plants equivalent to ca. 50 
kg ha-1 , according to Zvara and Herger 
(1982). Levels up to ca. 100 kg ha-1 01 N 
have been recommended for good yields of 
lettuce (Alt and Füll, 1988). 
Despite very conflicting results in literature 
about the effects of compost on P availabili-
ty (Gallardo-Lara and Nogales, 1987), the 
positive effect of compost is evident in this 
experiment in the case of P. It has already 
been shown in a previous work (Cabrera et 
aL, 1991) that the successive application of 
compost to this calcareous soil caused a clear 
increase in P-availability in the soi1. As a con-
sequence, the presence of compost, especially 
at high dosage, significantly increases the con-
centration of P in the lettuces (Tab. 3, 4 and 
5), which is an important feature in calcare-
ous soils. Comparing with the control, the 
higher increases of the P contents correspond 
to both lower and upper stems of the plants 
treated with the maximum dosage of compost. 
According to Geraldson et aL (1973). lor 
wrapper leaves, and Wolnik et aL (1983). the 
P concentration in leaves of ca. 0.5% (d.m.) 
can be regarded as normal in lettuce plants. 
As shown in Tab. 4, concentrations of P in 
control plants are lower than 0.5 %, being sig-
nificantly increased by fertilization (P<O.OS) 
to normal values in the upper, expanding 
leaves, especially when the maximum dosage 
of compost is applied. Values in the lower, 
expanded leaves are lower than those in the 
upper leaves, although they are also increased 
by fertilization. These results, and also those 
obtained with other species such as ryegrass, 
trefoil, tomato, eggplant, (Hernández, 1989), 
seem to connrm that urban compost can be 
effective in increasing P availability for plants, 
at least under certain particular conditions of 
management. 
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Tab. 3 - Mean concentrations of nutrient elements in ¡he lettuce plants 45 days after transplanting. Data are expressed 
on , d", matter basis. 
Treatments 
N p K C, M, N, Fe Mn Zn C, 
% rng.Kg·1 
Compost 
(Higher dosel 3.78 a 0.41 e 9.60 e 1.09 a 0.47 a 1.42 a 188.0 b 37.3 a ]69.0 e 21.0 b 
Compost 
(Lower dosel 3.91 e 0.34 b 9.25 e 1.29 a 0.59 b 1.76 a 178.0 b 47.0 b 168.0 e 21.9 b 
Inorganic 
fertilizer 3.66 a 0.33 b 7.50 b ].55 a 0.80 e 2.14 a 116.0 a 56 .0 e 87.0 a 15.5 a 
Conlrol 3.]5 a 0.23 a 4.85 a 1.33 a 0.71 e 2.07 a 93.7 a 63.6 e 108.0 b 17.0 a 
Values followed by the same letler in the same column do not d iffer significantly (P<O.05). 
Tab. 4 - Mean concenlrat ions of nulrient e1ements in lea ves of the lettuce planls 105 days after transplanting. Data 
are expressed on a dry matter basis. 
Trealments N p 
Compost 
(Higher dosage) 3.33 a 0.54 e 
Composl 
(Lower dosel 3.45 ab 0.46 b 
lnorganic 
fertilizcr 3.70 b 0.49 b 
Control 3.18 a 0.35 a 
Upper leaves 
K C, 
% 
Mg 
5.38 e 0.91 be 0.34 b 
4.78 b 0.63 a 0.28 a 
4.38 b 1.03 e 0.42 e 
3.41 a 0.79 b 0.36 b 
Lower leaves 
N, N p K C, Mg N, 
% 
0.14 a 2.58 a 0.37 b 8.75 e 2.10 a 0.68 , 0 .84 a 
0.23 b 2.90 b 0.23 a 8.63 e 2.00 a 0.82 ab 1.18 a 
0.41 e 2.70 ab 0.24 a 4.62 b 2.05 a 0.84 ab 1.58 b 
0.48 e 2.57 a 0.]7 a 3.69 a 1.88 a 0.95 b 2.12 e 
Values followed by the same letter in Ihe same column do nol differ significantly (P<0.05). 
Tab. 5 - Mean concentrations of nulrien! elements in stems of Ihe lettuce plants ]05 days after transplanting. Data 
are expressed on a dry malter basis. 
Upper stems Lower stems 
Trealments N P K C, Mg N, N P K C, Mg N, 
% % 
Compos! 
(Higher dosage) 1.90 a 0.56 e 5.38 d 0.76 a 0.32 a 0.33 a 3.05 b 0.74 c 6.50 e 0.61 , 0.55 a 1.23 a 
Compost 
(Lower dosel 1.08 a 0.38 b 4.63 e 0.65 a 0.32 a 0.41 b 2.91 b 0.44 b 6.24 e 0.76 b 0.56 a 1.90 b 
lnorganic 
fertilizer 2.00 a 0.43 b 4.00 b 0 .72 a 0.36 a 0.69 e 3 .15 b 0.50 b 4 .38 b 0.88 b 0.62 a 1.98 b 
Control 1.84 a 0.23 a 3.24 a 0.70 a 0.42 a 0.66 e 1.89 a 0.25 a 2.44 a 0.55 a 0.55 a 1.90 b 
Values followed by the same letter in Ihe same column do no! differ significanlly (P<0 .05). 
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On the other hand, heavy loads of com-
post in the soil result in a significant increase 
in the K content of the plants (Tab. 3, 4 and 
5). When the compost is applied, the uptake 
of K in relation to the control can increase 
by more than 100 % in the case of the lower 
leaves and stems, whether the higher or low-
er dose of compost is used. These increases 
are clearly higher than those obtained with 
the inorganic fertilizer. 
Normal values of K for lettuce leaves are 
in the range of 3.5-5.3% (d.m.) (Geraldson 
et al., 1976; Wolnik et al., 1983). which is 
in agreement with the K concentration of the 
control plants in this study. The presence of 
compost can increase these levels to values 
of ca. 9% (Tab. 3; Tab. 4 for expanded 
leaves), which corroborates the idea that K 
is present in compost in an easily-assimilated 
form (Gallardo-Lara and Nogales, 1987). 
Thus, compost application can cause a high, 
«luxuriousJ.J. K uptake by plants. 
Compost can significantly reduce the Na 
content of leaves and stems (Tab. 4 and 5), 
in spite of the notable Na concentration of 
the compost used (Tab. 1). Nevertheless, plant 
response may be just the contrary, as showed 
in a previous paper (Murillo et al., 1989a). 
In the case of lettuce, it is possible that the 
high K absorption competes with Na for plant 
uptake. High levels of Na in control plants 
could be due, at least in part, to the notable 
Na content of the water used (ca. 8 meq 1.1), 
which are normal in many irrigation waters 
from SW Andalucía. 
On the other hand, the effect of compost 
on the Ca and Mg contents of the lettuce 
plants is comparatively smal1 (Tab. 3, 4 and 
5), especialIy in the case of Mg¡ the effect 
of the inorganic fertilizer is in general more 
pronounced. However the effect of compost 
on the Ca and Mg plant contents has com-
paratively little importance in this kind of very 
calcareous soil. 
However, any positive effect that the suc-
cessive accumulation of compost might have 
on the yield and nutrient status of the plants 
could be more than offset if this successive 
application of compost produces undesirable 
¡ncreases in the heavy metal concentration in 
50 
plants. It has been frequently reported that 
although municipal composts carry high lev-
els of sorne trace metals and greatly ¡ncrease 
their total and extractable levels in soils, the 
availability of these metals to crops, e.g. Zn 
and Cu, is low. However, heavy applications 
of compost or very acidic soil pH values can 
cause significant increases of sorne heavy me-
tal concentrations in plants (Gallardo-Lara and 
Nogales, 1987). 
As shown in Tab. 3, 6 and 7, both doses 
of compost can certainly increase the contents 
of Zn and Cu in the lettuce plants to signifi-
cant levels (P<0.05). It is important to note 
that treatment with the lower dose of com-
post (total loading of ca. 100 t ha') for 6 
years, 50 t ha-1 in the last year) is a feasible 
condition for cropping vegetables, most of 
them growing in soil cultures, be it in the 
field or in glasshouses. 
Zinc levels in leaves (lower leaves especial-
Iy) of the plants treated with both doses of 
compost are higher (P<0.05) than in the leaves 
of control plants and of those treated with 
inorganic fertilizer. The stems show a similar 
pattern although without statistically signifi-
cant differences between treatments in the case 
of the upper sterns. Young plants also show 
quite high Zn contents as a consequence of 
the compost application (Tab. 3). 
On the other hand, there are no statistical-
Iy significant differences between treatments 
in the case of Cu, except for young plants 
(Tab. 3). although the high dose of compost 
tends to increase Cu concentration in the 
leaves, in relation to the inorganic fertilizer 
and control treatments (Tab. 6). 
The presence of compost can result in 
higher levels of Zn and Cu than the usual 
ranges for higher plants, and of those report-
ed by Wolnik et al. (1983) for lettuce leaves. 
However, it is important to note that levels 
in leaves of the control plants are already near 
to the maximum of the usual ranges of 2-20 
mg kg) (Cu) and 15-100 mg kg') (Zn) for 
higher plants (Mengel and Kirkby, 1982). On 
the contrary, Fe concentrations in lettuce 
leaves are always within both the normal 
range of 75-150 mg kg-1 for higher plants, 
and 50-350 mg kg) reported by Wolnik et 
al. 
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T ab. 6 - Mean concenlrat ions of heavy metals and B in leaves of the leltuce plants 105 days after transplanting. Data are expressed 
on a dry matler basis. 
Treatments 
" Mo 
Upper leaves 
ZnCuPbNiCrB 
lower leaves 
MnZnCuPbNiCrB 
mg·Kg·¡ mg.Kg-¡ 
Compost 
(Higher dosage) 90.0 a 35.0 a 106.0 b 22.0 a 20.0 b 2.8 b 1.5 b 31 a 
Compost 
106.0 a 62 .0 a 227.0 c 20.0 a 20.0 a 2.5 b 1.0 a 54 b 
(l ower dosage) 77.0 a 33.0 a 107.0 b 18.0 a 11 .0 a 1.6 a 1.4 b 29 a 
!norganic 
88.0 a 70.0 abl90.0 b 14.0 a 18.0 a 3.2 c 2.0 b 52 b 
fe rliliz.e r 78.0 a 50.0 b 80.0 a 17.0 a 9.0 a 1.8 a 0.5 a 26 a 92.5 a 80.5 b 108.0 a 15 .0 a 14.0 a 2.0 b 0.8 a 36 a 
Conlrol 75.0 a 53.0 b 88.0 a 17.0 a 8.0 a 2.0 a 0.5 a 21 a 123.0 a 94.0 a 118.0 a 15.0 a UO a 1.5 a 1.0 a 38 a 
Values followed by the same lelter in ¡he same column do not differ significantly (P<O.05). 
Tab. 7 - Mean concentrations of heavy metals and B in stems of the leltuce plants 105 days after transplanting. Data are expressed 
on a dry matter basis. 
Upper stems Lower stems 
Treatments F, Mo Zo C, Pb Ni C, B F, Mo Zo C, PI> Ni C, B 
mg·Kg·¡ mg.Kg-l 
Composl 
(Higher dosage) 47.0 a 14.0 a 61.0 a 19.0 a 5.0 a 2.5 b 0.6 a 1], 86.0 a 17.0 a 134.0 b 49.0 a 8.0 a 5.0 c 1.4a19a 
Compos! 
(lower dosage) 37.0 a 17.5 a 46.0 a 20.0 a 3.5 a 3.0 b 0.8 a 14, 73.0 a 24.0 abt05.0 a 48.0 b 5.0 a 3.4 b 1.2a 14a 
Inorganic 
ferti liz.e r 31.0 a 20.5 a 39.0 a 19.0 a 3.5 a 1.5 a 1.0 a 14, 90.0 a 29.0 b 82.0 a 32.0 a 4.0 a 2.8 ab 1.4 a 17 a 
Control 31.0 a 19.5 a 41.0 a 17.0 a 3.5 a 1.5 a 1.0 a 15 , 68.0 a 21.0 ab 88.0 a 29.0 a 3.0 a 2.6 a 1.4a14a 
Values followed by the same lelter in ¡he same cotumn do not differ significantly (P<O.05). 
(1983) for lettuce lea ves, whichever treatment 
is considered (T ab. 6). 
On the other hand, Ni concentrations sig-
nificantly increase (P<O.05) in most cases as 
a consequence of the compost application, 
whichever organ or compost dose are consi-
dered (Tab. 6 and 7), although the content 
of this heavy metal remains within the nor-
mal range for higher plants (0 .1-5 mg kg- t ). 
Chromium also increases significantly (P<O.05) 
as a consequence of compost application, but 
with a c1ear pattern only in the case of the 
upper, expanding leaves (Tab . 6). 
It is also important to note that the presence 
of compost results in a considerable decrease 
(P<O.05) of the Mn content in the young 
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plants (Tab. 3) and in the Ieaves of the more 
mature plants (Tab. 6), while not being so 
evident in the case of the stems (Tab. 7). 
However, the Mn contents are always within 
the range of 9-130 mg kg-l reported by Wol-
nik et al. (1983) for lettuce leaves. This fact , 
also observed by other authors (Gallardo-Lara 
et al. , 1986), could be attributed to the com-
plexing agents present in the o rganic matter. 
In fact WaUace and WaUace (1983) stated that 
inhibition of the Mn uptake by plants when 
applying Zn chelates to soil could be caused 
by the presence of the chelating agent. 
The inAuence of the compost on the B con-
tent is also more pronounced in the case of 
the leaves, although it is only the high dose 
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Tab. 8 - Comparison of values of Pb in leaves and stems of lettuce plants determined by two different methods: 
Dry Ashing Digestion-Atomic Absorption Spectrometry (flame) (DAD-AAS) and Pressurized Digestion-Anodic 
Stripping Voltametry (PD-ASV). Data are expressed on a dry matter basis. 
Upper leaves Lower leaves Upper stems Lower stems 
DAD-AAS PD-ASV DAD-AAS PD-ASV DAD-AAS DAD-AAS 
Treatment 
mg.Kg·) mg.Kg"l mg·Kg·l mg·Kg·l 
Compost 
(Higher dosage) 21 24 19 17 5 7 
Compost 
(Lower dosage) 10 8 16 13 3 5 
Control 8 7 12 11 3 3 
Ryegrass CRM 281 
(reference material) 
Pb ¡.tg/gdm, certified value: 2.38±0.11 (0.95 C.L) 
Pb ¡.tg/gdm, determined value: 2.52 (PD-ASV) 
of compost which increases the levels of B 
to a significant level (P<O.OS) in relation to 
control treatment (Tab. 6). In general, 
however, the B levels can be considered nor-
mal for this dicotyledonous species. 
Plant composition can of course change de-
pending on the plant variety, soil type, di-
matic conditions, agricultural management, 
etc., but in general, the results obtained seem 
to confirm the idea (MuriJIo et al., 1989a,b) 
that without precise standards and policies, 
the agricultural use of this kind of compost 
with high contaminating capacity does not 
seem to be an advisable practice. The results 
obtained for Pb corroborate this observation 
(Tab. 6 and 7). The compost presence tends 
to increase the Pb contents of lettuce. In 
general, Pb values are certainly high, includ-
ing those for the controls (levels in higher 
plants range between 0.1-10 mg kg-1). In ord-
er to check these high values, two different 
methods were used for the analysis of Pb in 
sorne samples of both the upper and the low-
er leaves of lettuce: a, dry ashing and AAS 
(DAD-AAS); b, pressurized digestion and 
ASV (PD-ASV). Tab. 8 shows that both 
methods produced similar results in alI the 
samples analyzed. On the other hand, the 
value obtained for the reference material 
(ryegrass CRM 281) by PD-ASV is slightly 
higher than the certified value. It seems pos-
sible that the Pb content of the lettuce can 
increase by more than 100% (Tab. 8), at least 
in the conditions in which the experiment was 
52 
performed (glasshouse, watering and succes-
sive application of compost up to a consider-
able total loading). 
Results of Cd are not included because they 
were always below the detection limit of AAS 
(0.5 rng kg-1 ). Total Cd values in soi! after 
compost treatments were always lower than 
2.0 mg kg" (MuriJIo et al., 1989b). 
As pointed out by De Haan (1981), peat 
and soilless cultures are becoming increasing-
ly common in horticulture, but the concept 
of recycling as much of the municipal waste 
as possible could become more generally ac-
cep ted. This would increase the compost 
production, which would largely have to be 
used for agriculture. It has been shown in this 
paper that a total loading equivalent to ca. 
100 t ha-1 for 6 years, a possible situation 
in horticultural practices, may increase sig-
nificantly the content of sorne heavy metals 
in lettuce plants, so introducing them into the 
food chain. 
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